Introduction
Over the past, both chronic heart failure (CHF) and obesity exhibited an almost epidemic increase 1,2 and will probably continue to do so. Furthermore, there is increasing data on a higher prevalence of heart failure in obese patients. 3 As natriuretic peptides are elevated in heart failure, 4 they are commonly used to screen for heart failure, 5 stratify the risk, 6 and guide medical therapy in such patients. 7, 8 An inverse relationship of blood levels of natriuretic peptides with body mass index (BMI) has been described 9, 10 in healthy individuals, but this notion has already been questioned by recent data. 11 Not only could these peptides be more related to lean mass rather than fat mass, 10 but there appears to be a difference between brain natriuretic peptide (BNP) and the aminoterminal cleavage product (NTproBNP, N-terminal pro-brain natriuretic peptide) 12 as to the influence of BMI on the respective hormone.
With respect to heart failure, only few studies focused on this problem. As for BNP, an inverse relation with BMI has recently been described in both the acute 13, 14 and chronic 15, 16 setting.
But again, this has already been contradicted. 17 And although reports on NTproBNP in acute heart failure confirmed the inverse relation to BMI, 13, 14, 18 only few studies have 19, 20 addressed this issue in CHF. Given the growing importance of both CHF and adiposity as well as the widespread use of NTproBNP, it is crucial to understand the possible confounding influence of BMI on the validity of NTproBNP to allow correct and adequate application of this valuable tool in CHF. Furthermore, some of the above controversies might in part be due to heterogeneous cohorts examined. We therefore adopted a matched approach for the major influencing factors (NYHA, age, sex, and renal function) in patients with stable CHF from a university hospital outpatient's department.
Methods

Study population
The registry of the specialized heart failure clinic of the University Hospital Heidelberg, Germany, formed the basis for this study. All patients attending the clinic for the evaluation of heart failure were asked to participate in the registry and provide written informed consent for data storage and evaluation. The decline rate was ,1% of patients asked. The proceedings were approved by the local Ethics Committee and conformed to the principles outlined in the Declaration of Helsinki. The diagnosis of heart failure was based on the ESC criteria of symptoms compatible with the diagnosis in the presence of objective abnormalities of cardiac function 21 on echocardiography or left heart catheter.
For inclusion into the present study, all patients with stable chronic systolic dysfunction and the assessment of NTproBNP during initial presentation were selected. The aetiology of heart failure was either ischaemic or idiopathic dilated cardiomyopathy and patients were on stable medication for at least 1 month prior to inclusion. Patients with a history of primary pulmonary disease, valvular heart disease, and decompensation of heart failure requiring inotropic support within the last 3 months prior to study inclusion were not included. If multiple visits were present, only the first visit was chosen (n ¼ 1743). These patients were separated according to BMI 
Measurements of N-terminal pro-brain natriuretic peptide
Blood samples were taken from a peripheral venous catheter using EDTA vacutainers, immediately centrifuged for 10 min at 4000 r.p.m. at 48C, subdivided and frozen at 2308C. Testing was performed for plasma NTproBNP levels (Elecsys w , Roche Diagnostics, Mannheim, Germany). NTproBNP results are presented in pg/mL. To convert to pmol/L, results need to be multiplied by 0.118.
Matching
Each patient of group 3 was individually matched using calliper matching according to renal function (as estimated through the simplified modification of diet in renal disease (MDRD) formula, 22 age, sex, and NYHA functional class to two individual patients, one from group 1 and one from group 2. For age and MDRD, calliper was defined as 0.25 Â standard deviation of the respective variable. For each patient, the matching routine first identified sex and NYHA class matches. From this cohort, all patients within age-calliper were selected, and from this cohort the first patient within MDRD-calliper. In a first step, individual pairs from groups 3 and 1 were obtained. Then, to each patient of group 3, an individual, matched patient was identified from group 2. This patient was retained as a match only if the patient represented a match to the corresponding patient of group 1 within this triplet of patients. If not, the next available matched patient from group 2 was tested. After the first matching step, 232 pairs of patients from groups 3 and 1 were retained. After the second step, 206 nested triplets were retained for final analysis.
Follow-up and endpoint
The determination of survival status and follow-up were performedin hierarchical order-by scheduled visits to the outpatient clinic, telephone calls either to the patient's home or to their physician, or hospital electronic records. The predefined endpoint for the purpose of this analysis was all-cause mortality. Patients receiving cardiac transplantation during follow-up were followed until their surgical procedure and censored thereafter. All survivors were followed up for a minimum of 1 year. No patient underwent implantation of left ventricular assist devices during follow-up.
Statistics
To compare frequencies, x 2 analysis was performed. To test for significant differences between means, two-sample Wilcoxon test, KruskalWallis test and one-way analysis of variance were used where appropriate. All tests are two-tailed and a P-value ,5% was regarded statistically significant. For multiple pairwise testing, this P-value was adjusted to ,1.7% according to the Bonferoni correction for the testing of the three groups. The data are presented as mean + SD, except where specified otherwise. Univariable and multivariable linear regressions were performed using transformed NTproBNP values 23 as dependent variables. All baseline variables were entered into the univariable analysis. Covariates that were strongly associated with NTproBNP levels (P , 0.10) were included in the multivariable analysis. Baseline model assumptions were proportionality of hazard, linearity, and non-influential observations. Assumptions of proportional hazards were assessed by visual judgement of the logarithm of minus logarithm of the survival estimates, obtained from stratified Cox regression. To check the proportional hazards assumption, the score process (which is a transformed partial sum process of the Martingale residuals) is compared with the simulated processes under the null hypothesis that the proportional hazards assumption holds. 24 Proportionality was not rejected for any variable included in the final model other than NTproBNP. Therefore, trans-NTproBNP values 23 were used. Martingale residuals from the full Cox model were plotted against covariates of interest. No violation of linearity was detected. In addition, cumulative Martingale residuals were compared with simulated residual patterns under the null hypothesis that linearity holds. 24 Influential observations were assessed by plotting the deviance residual against the linear predictor. 25 To test for differences between
Cox regression coefficients of NTproBNP and trans-NTproBNP of the BMI strata, z-test was performed as described previously. 26 Finally, we directly obtained a correction factor for NTproBNP of obese patients by using the ratio of b-coefficients from separately stratified Cox analysis.
Results
Surviving patients were followed for a median of 37 (21 -58) months, with no significant differences between the BMI groups [35 (21 -49) Between groups, differences were seen for left ventricular ejection fraction, prevalence of diabetes, mean blood pressure, the distance walked during 6 min walk test, and the use of b-blockers ( Table 1) . With respect to the aetiology of heart failure, patients 
Determinants of N-terminal pro-brain natriuretic peptide
When considered as a continuous variable, BMI was a significant univariable predictor of NTproBNP levels, with a 4% decrease in NTproBNP per unit increase of BMI. When considered as a categorical variable, BMI category, too, was a significant univariable predictor of NTproBNP levels, with a 52.2 and 38.2% decrease in NTproBNP for BMI groups 2 and 3, respectively. Further significant predictors of NTproBNP levels were age (P , 0.001), renal function (P , 0.001), left ventricular ejection fraction (P , 0.001), NYHA functional class (P , 0.001), rhythm (P , 0.001), heart rate (P , 0.001), mean blood pressure (P , 0.001), 6 min walk test distance (P , 0.01), and the aetiology of heart failure (P , 0.05). Diabetic status (P ¼ 0.29) or sex (P ¼ 0.14) were not significant predictors of NTproBNP levels in this analysis. When entered into a common multivariable regression analysis with the above significant variables, BMI-both as a continuous and a categorical variable-remained an independent predictor of NTproBNP levels (Tables 2 and 3 ).
Prognostic significance of N-terminal pro-brain natriuretic peptide and body mass index
Although BMI as a continuous variable was not a significant univariable predictor of adverse outcome, it was, however, significant 
Discussion
This study addresses the question as to what extent plasma levels of NTproBNP are influenced by BMI in patients with stable chronic systolic heart failure in the setting of a university hospital outpatient's department with patients matched for known influencing factors (NYHA, age, sex, and renal function). The following are its main findings.
(1) Both as an uncorrected and as a log-transformed parameter, significant inverse correlations were found between NTproBNP and increasing BMI. (2) Even when matched for NYHA, age, sex, and renal function, BMI conveys a 4% drop in NTproBNP per unit increase of BMI. (3) The influence of BMI on NTproBNP levels retained statistical significance when adjusted for other known factors influencing NTproBNP levels. (4) NTproBNP retained its statistical power in all three BMI groups examined, with no significant differences across BMI groups.
Even though both CHF and obesity are common problems of increasing importance, only few studies have addressed the interaction of BMI and NTproBNP. The inverse relationship between BMI and natriuretic peptides in general and NTproBNP in specific can be demonstrated even in the absence of heart failure. 9,10 It therefore does not appear plausible to simply assume that clinical disease severity of obese patients with CHF is overestimated, as exercise intolerance will be more pronounced in obese patients, and that for that reason lower levels of NTproBNP are found in these patients. Alternatively, modulation of clearance receptor density 27 or composition, 28 impaired hormone synthesis 29 or release 30 have been proposed. As some of these mechanisms have already been contradicted, 10 the exact pathway of influence of obesity on NTproBNP remains yet to be clarified. More recently, O-glycosylation of NTproBNP has been shown. 31 As this may compromise the detection of the NTproBNP essay 32 and as prevalence of diabetes increased with BMI, the above inverse relation might reflect false-negative test results rather than true lowering of NTproBNP with obesity. Even though we did not find a significant influence of diabetes on NTproBNP, this still appears conceivable, as besides glycosylation, alternate circulating forms of NTproBNP have been found. 33 We chose NTproBNP for this study not only as it is more stable than BNP, but also as at least parts of the proposed mechanisms for a possible natriuretic peptide handicap 9 in BNP do not apply to NTproBNP. So far, only two studies 19, 20 have addressed the possible interaction of NTproBNP and BMI in chronic stable heart failure. The present analysis significantly supplements their results. Not only did we include about twice the number of patients as the aforementioned studies combined, but also we do consider matching superior to controlling during statistical analysis. non-obese patients with regard to age and sex distribution in one of these studies. 19 In order to eliminate the possibly confounding influence of cardiac cachexia, patients with a BMI ,20 kg/m 2 were not included in the present study. Also, we formed three distinct groups of patients-normal weight, overweight, and obese-to account for a possible categorical (class) effect of BMI. We consider it as a strong point of the present analysis that matching was performed with respect to all known anthropometric influences on NTproBNP (age, sex, and renal function) and in addition to NYHA to account for subjective disease severity. As we were still able to reproduce the above-described independent influence of BMI on NTproBNP levels in this matched setting, the present study strongly supports the notion of an intrinsic influence of adipose tissue on NTproBNP levels rather than confounding co-morbid conditions. The influence of BMI on survival is still controversial. Though BMI is a risk factor towards the evolution of heart failure, 34 in CHF a paradoxical survival benefit has been described, 35 which apparently was replicated in our study. A recent sub-analysis of the CHARM programme showed a U-shaped mortality curve for BMI, 36 and others found the influence of BMI on mortality to be complex and dependent on co-variates. 37 As for previous studies, 35 there were differences in baseline clinical variables in our study, too, possibly explaining certain aspects of this survival benefit.
As far as the validity of natriuretic peptides as a prognostic marker is concerned, only a few studies have focused on this issue. 16, 18 Since Bayes-Genis et al. 18 addressed this question for NTproBNP in the setting of acute heart failure and Horwich et al. 16 for BNP in the setting of CHF, this study significantly extends their findings. Our results do not support the notion brought about by Horwich et al. 16 that the prognostic value of NTproBNP appears to change with respect to BMI group. It must, however, be emphasized that this study was primarily designed to investigate a possible independent influence of BMI on NTproBNP levels, and less, in order to compare the individual prognostic performance within each BMI class or across the BMI continuum. To do so, an alternative matching strategy would have to include NTproBNP itself to account for its intrinsic prognostic information. This, however, would render the analysis of influence of BMI on NTproBNP levels-the goal of the present study-impossible. Consequently, we urge caution as to any correction factor. The variables of our matching strategy explained 47% of total variance of NTproBNP, and the BNP promoter is responsive not only to wall stretch but also to neuroendocrine activation, as well as to growth signals and pro-inflammatory signal transduction. 38 Therefore, this would need to be taken into account for such a factor-which unfortunately goes beyond our study.
Limitations
Our patients reflect the average population at a tertiary reference centre which accounts for the low proportion of women and ischaemic cardiomyopathy in this study. Therefore, our results might not be fully transferable to all patients. Though only 10% of the cohort, a total of 60 women were included. We would therefore be inclined to assume that even though generalizability is limited, this number is important enough to allow a samplespecific statement. Furthermore, we cannot completely exclude a certain pre-selection bias. Recruitment depends on referring physicians deeming their patients appropriate for attendance at our university hospital clinic. Also, the number of patients included might still represent a handicap. This might have precluded more detailed analyses, e.g. separate for sex or age groups.
Conclusion
Even when matched for NYHA, age, sex, and renal function, BMI exerts a significant and independent inverse influence on NTproBNP in patients with chronic stable CHF. NTproBNP retained equal statistical power in all three BMI groups.
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